Objective: The aim of the present study was to identify a fast, efficient and low-cost method to diagnose hypoparathyroidism after total thyroidectomy. Materials and methods: One hundred and forty medical records, which contained patients' clinical and laboratory data, were retrospectively analyzed. Patient parathyroid hormone values, which were obtained immediately following operation, were compared with their ionized calcium levels the morning after surgery. This comparison was used to examine the correlation between the two variables in predicting hypoparathyroidism because measuring calcium levels is low-cost and more available in the hospitals compared to measuring parathormone (PTH) levels. Results: There was a positive and statistically significant correlation between PTH and ionized calcium values (Pearson correlation coefficient, r = 0.456; p < 0.0001). The values of first postoperative day ionized calcium levels (stratified by the 1.10 mmol/l cut-off value) were tested as a diagnostic measure for hypoparathyroidism, and a PTH < 15 pg/mL obtained immediately following operation served as a reference. This analysis showed that ionized calcium levels measured on the first postoperative day had a sensitivity of 45.6% (95% CI 30.9-61.0%), a specificity of 88.9% (95% CI 80.5-94.5%) and an accuracy of 76.7% (95% CI 68.7-83.5%) as a diagnostic measure for hypoparathyroidism. Conclusion: In conclusion, we demonstrated that patients who had high ionized calcium levels on the first postoperative day also had high PTH levels immediately following operation and, therefore, they had lower rates of hypoparathyroidism. Arch Endocrinol Metab. 2015;59(5):428-33
INTRODUCTION
P ost-surgery hypocalcemia is caused by an inadequate secretion of parathormone (PTH) by the parathyroids glands. Transitory hypoparathyroidism is the most frequent complication following total thyroidectomy and occurs in 16.5 to 71% (1-9) of patients. This large range in the incidence of hypoparathyroidism in the literature is explained by the heterogeneity of its diagnosis in existing studies; only clinical or a combination of clinical and laboratory diagnostic techniques have been used. Permanent hypoparathyroidism is less frequent following total thyroidectomy, with an incidence of 1.5 to 1.8% (3, 4) .
Patients with symptomatic hypocalcemia have cramps, tingling, paresthesia, tetanic contractions, seizures (10) , muscle spasms, and QT interval prolongation on their electrocardiograms (2) . Symptomatic hypocalcemia is extremely unpleasant, it extends the hospitalization time (1) (2) (3) (6) (7) (8) and it increases the treatment cost. Additionally, it is a consequence of parathyroid hypofunction. The parathyroid glands can be injured during thyroidectomy due to devascularization, mechanical damage or even accidental removal.
Hospital discharge on the first postoperative day (1 st PO) in thyroidectomies is reported in the literature as being safe, and it is routine in our field. The benefits of hospital discharge on the 1 st PO compared to prolonged hospitalization include lower costs, less postoperative complications and better psychological outcomes (14) . However, in most symptomatic patients, hypocalcemia develops on the second postoperative day (2 nd PO) (8) (9) (10) . Therefore, the lack of diagnosing hypocalcemia on the 1 st PO can represent a risk to patients who may develop hypocalcemic tetanic contrac-tions following hospital discharge because hypocalcemia is a very harsh and potentially serious condition that requires urgent intervention.
Many researchers have studied the best way to diagnose hypocalcemia as early as possible post-thyroidectomy. Currently, the most common and effective method is measuring the PTH level immediately after the surgery through the fast intraoperative PTH assay (1,2,5-7,9-13). The principle behind the fast PTH assay is that the half-life of PTH is 2 to 5 minutes (1); thus, the level of PTH 1 hour post-surgery, for example, provides a very precise indication of parathyroid function. However, the fast PTH assay is not available in the majority of the medical centers in Brazil. Another simple way to assess parathyroid function in the postoperative period is to measure the serum calcium level the morning after the surgery (1). This assay is low-cost, fast and available in every hospital. An argument against its use is that the calcium level of postthyroidectomy patients decreases quickly, which may influence its reliability in determining whether an early discharge is safe. This study aims to clarify whether calcium level is a good measure of hypoparathyroidism by evaluating the correlation between the serum calcium level on the morning after surgery and the immediate postoperative PTH level (iPO). 
MATERIALS AND METHODS

Statistical analysis
The quantitative variables that had a parametric distribution are presented as a mean and standard deviation. The qualitative variables are presented as absolute and relative frequencies. The variable distributions were defined as parametric by the Kolmogorov-Smirnov Test. The relationship between qualitative variables was analyzed by comparing their frequencies using the ChiSquare test or the Fisher's Exact test. The Pearson correlation coefficient was used to analyze the correlation between two continuous variables. An ROC (Receiver Operating Characteristic) curve was used to validate the diagnostic tests, and the test specificity and sensitivity, the area under the ROC curve, the positive and negative predictive values, and the 95% Confidence Intervals (95% CI) were also calculated. The statistical software SPSS ® version 17.0 (SPSS ® Inc.; Illinois, USA) was used for all analyses, and the statistical significance was set at p ≤ 0.05.
The cut-off values (or stratification) were based on the following laboratory reference values: ionized calcium (CaI) of 1.10 mmol/l (values less than 1.10 mmol/L were considered low and values greater than or equal to 1.10 mmol/l were considered normal); PTH of 15 pg/mL (values less than 15 pg/mL were considered low and values greater than or equal to 15 pg/mL were considered normal).
RESULTS
Of the one hundred and forty patients whose records were analyzed, the majority were female and between 40 and 59 years of age and had an indication of surgery due to malignant thyroid disease, predominantly papillary carcinoma. A detailed profile of the patient sample can be found in table 1. st PO CaI level is a predictor of hypoparathyroidism, like PTH level, and a significant relationship was found (Chi-square test, p < 0.0001). These results are described in table 4. This demonstrates that the patients who had high levels of ionized calcium on the first postoperative day also had high levels of immediate postoperative PTH values, and therefore, they had lower rates of hypoparathyroidism. In a second analysis, the 1 st PO CaI values were stratified according to the cut-off point of 1.10 mmol/l and plotted on a ROC curve with immediate postoperative PTH < 15 pg/mL serving as a reference. In this case, the cut-off point had a sensitivity of 45.6% (95% CI 30.9-61.0%), a specificity of 88.9% (95% CI 80.5-94.5%), and positive and negative predictive values of 67.7% (95% CI 48.6-83.3%) and 76.2% (95% CI 66.8-84.0%), respectively, with an accuracy of 76.7% (95% CI 68.7-83.5%). These values were also compared with symptoms of hypocalcemia as a reference with inferior results, demonstrating the subjectivity of this analysis (accuracy of 66.3%). The results of the ROC curve analyses are described in figure 1. contractions occurring after discharge, which is often very dramatic and potentially serious, are prevented.
Many surgeons routinely supplement calcium and vitamin D in all patients who have total thyroidectomies (17, 18) . Although this practice is effective in reducing the number of symptomatic patients, it can be inconvenient because the treatment is expensive and poorly tolerated. In addition, it is not 100% effective, and patients with severe hypocalcemia may experience tetanic contractions despite treatment. Lastly, many patients are unnecessarily medicated (1). Cahill and cols. (19) did not recommend routine supplementation because they found that the administration of calcium and/or vitamin D in normal patients could result in the following: (1) inhibit the functioning of the parathyroid glands; (2) overestimate the amount of patients who need calcium and magnesium replacement; and (3) hide the true incidence of hypoparathyroidism, which may prevent surgeons from making changes to optimize treatment.
Another option is only treating symptomatic patients (2), but this would require a longer hospitalization time, which is very difficult.
The best alternative is a reliable way to predict which patients will develop hypocalcemia. This would allow for only those who truly need treatment to be treated and for the intensity of the replacement therapy to be individualized in each case. The "gold standard" for diagnosing hypoparathyroidism is the fast PTH assay, which measures iPO PTH, and it is the most employed method (20) (21) (22) (23) . However, it is not yet available in most medical centers in Brazil.
In this study, we evaluated the blood ionized calcium level on the morning after total thyroidectomy as an alternative predictor of hypoparathyroidism to the iPO PTH level. We found that there is a positive correlation between iPO PTH levels and calcium levels on the 1 st PO day after thyroidectomy. It is important to note that two patients had high PTH (146 pg/mL) or ionized calcium (1.40 mmol/l) levels and were investigated for primary hyperparathyroidism before surgery. Hyperfunctional glands were not identified preoperatively, and enlargement of the glands was not noted during their thyroidectomies.
PTH has a very short half-life, which allows for the quick identification of intraoperative parathyroid lesions (24) . Therefore, PTH remains the best way to predict early hypoparathyroidism. However, the correlation between iPO PTH levels and calcium levels on 
DISCUSSION
Hypoparathyroidism is the most common complication of total thyroidectomies, and in addition to causing extremely unpleasant symptoms, it requires longer hospitalization and results in higher costs for patients and the health system (15, 16) .
Not all hypocalcemic patients are symptomatic, but among those who are, the condition manifests after the second postoperative day. Because total thyroidectomy patients tend to be discharged early, it is important to find a safe and economic method that can predict hypoparathyroidism and allow patients who do not develop hypoparathyroidism or who develop very mild hypoparathyroidism to be discharged early, perhaps with a moderate oral calcium supplement. The patients who develop severe disease should be hospitalized for the longest time to receive intravenous and oral replacement of calcium and vitamin D. This would ensure that tetanic st PO day found in our study is relevant in situations where the fast PTH assay is unavailable. Thus, serum calcium level is a good diagnostic measure of hypoparathyroidism after total thyroidectomy because it is available in most centers and has a lower cost.
Pia Lindblom and cols. (5) also compared serum calcium levels on the morning after a total thyroidectomy with iPO PTH levels and found that calcium level is not as effective as iPO PTH level in predicting hypocalcemia. They attribute this difference to the hemodilution of serum calcium during surgery. In fact, their data confirm that the accuracy of iPO PTH in predicting symptomatic and asymptomatic hypocalcemia is not very different from that of low concentrated calcium on the first postoperative morning.
Nahas and cols. (16) recommend using an algorithm that incorporates serum calcium level after thyroidectomy to identify patients who are at low risk of developing hypocalcemia and, consequently, can be discharged 24 hours after surgery. This algorithm shows that an increase in serum calcium between 6 and 12 hours after surgery is a reliable predictor of patients who will not develop significant hypocalcemia.
Cahill and cols. (19) suggest that hemodilution during surgery and the release of calcitonin are causes of transient hypocalcemia, which does not progress to hypoparathyroidism; therefore, the level of serum calcium after thyroidectomy is not a reliable way of predicting the onset of hypoparathyroidism. However, our findings contradict this hypothesis.
In our study, we also analyzed ionized calcium level on the first postoperative day by gender, the clinical presentation of hypoparathyroidism, the histophatological results of surgery, the presence of Graves' disease and the presence of thyroiditis. However, we did not find any associations between these conditions and hypoparathyroidism.
In accordance with our findings, Lam and Kerr (22) found that a greater proportion of the women in their study were affected by thyroid disease, but that there was no association between patient sex and hypoparathyroidism. They also found that hypoparathyroidism was not correlated with age or indication of surgery (i.e., malignancies, Graves' disease, goiter, and familial endocrine disease).
Toniato and cols. (15) found a strong association between hypoparathyroidism and Graves' disease and suggest that this relationship is due to the fact the location and preservation of the parathyroid glands in patients with Graves' disease is more difficult. One possible explanation for why we did not find a similar association it that there were only a few Graves' disease patients in our sample.
Del Rio and cols. (25) found a positive and statistically significant correlation between developing hypocalcemia and being treated for malignant thyroid diseases. Our findings do not support this hypothesis, and one possible explanation is that the thyroidectomies in our sample treated benign and malignant diseases with a very similar technique, and most of these were small tumors.
CONCLUSION
Our study shows that measuring serum ionized calcium levels on the first postoperative morning is not more effective than the fast PTH assay. However, when the PTH test is not available, the level of serum calcium is a very good indicator of parathyroid function. In our study, patients with an ionized calcium level above the cut-off point of 1.1 mmol/L had a normal PTH level in 77.4% of the cases; patients with an ionized calcium level below 1.1 mmol/L had a PTH level that was below the lower limit in 58.1% of the cases.
